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We investigate the theoretical description of the central exclusive production process, /ii +/12 — > 
hi + X + h2. Taking Higgs production as an example, we compute the subset of next-to-leading 
order corrections sensitive to the Sudakov factor appearing in the process. Our results agree with 
those originally presented by Khoze, Martin and Ryskin except that the scale appearing in the 
Sudakov factor, jx — 0.62 should be replaced with jx — \/S, where -\/f is the invariant mass of 
the centrally produced system. We show that the replacement leads to approximately a factor 2 
suppression in the cross-section for central system masses in the range 100-500 GeV. 
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1. Introduction 

At hadron colliders, in events producing high transverse momentum particles in the central 
rapidity region, the colliding particles usually break up. However, in a small fraction of such 
events the colliding hadrons remain intact and scatter through small angles. This type of production 
is known as central exclusive production (CEP): 

hi{pi)+h2{p2)^hi{p\)®X®h2{p'2) , (1.1) 

where the © denote rapidity gaps between the outgoing hadrons and the central system X (see [1] 
for a review). 

If the outgoing hadron momenta are measured, by adding detectors far down the beam-pipe, 
it is possible to reconstruct the four-momentum of the central system X. In addition, the process 
possesses a 7^*- = 0++ selection rule [2]. Thus CEP offers a method to measure both the mass of 
X [3] (with a resolution of ~ 2 GeV per event [4]) and its spin-parity properties [5]. 

Photon pairs [6], di-jets [7] and Xc particles [8] produced via the CEP mechanism have now 
been observed at the Tevatron and there are groups within both the ATLAS and CMS collaborations 
actively seeking to observe these events at the LHC [4]. 

The CEP process has previously been calculated in perturbative QCD by the Durham group [2, 
9-11]. We perform an independent calculation of the next-to-leading order corrections, in the case 
of Higgs production, which are sensitive the Sudakov factor appearing in their result. Our finding 
is that the Durham group's result must be modified and we access the impact of this modification 
on predictions for the LHC and Tevatron [12]. 



2. The Durham model 





(a) 

Figure 1: (a) Schematic form of the CEP amplitude, (b) Cut of the qQ 
the Sudakov factor. 
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The calculation of the CEP process by the Durham group is represented schematically in fig- 
The protons exchange a two gluon system, which must be in a colour singlet state in order 



that the protons remain intact. Two of the gluons then fuse to produce the central system, X. The 
cross-section is assumed to factorise in the following way [9, 10]: 
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Where s and y denote the central system invariant mass and rapidity respectively. The important 
piece of this expression, for our analysis, is the effective luminosity, which is given by 
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dsdy s\N'^-l 
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(2.2) 



The fg are skewed, unintegrated, gluon distribution functions. Due to the kinematics of the process 
the amplitude is dominated by the region jc- <^ Xi and in this regime these distributions may be 
related to the conventional, integrated, gluon density [10, 13]: 



T{Q^,pL)xg{x,Qi)] , 



(2.3) 



with Rg « 1.2(1.4) at the LHC(Tevatron)^ [9, 14]. The fg distributions also include a Sudakov 
factor, which resums logarithmically enhanced soft and collinear virtual corrections and accounts 
for the fact that real radiation from the process is forbidden [13]: 



r(e^,Ai)=exp( -| 
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For the parameters entering this expression the Durham group find [11]: 



k^+fL 



H=0.62Vs. 



(2.4) 



(2.5) 



We find that this result is incorrect and that instead one should set fL = y/S. In the next section we 
describe the calculation which leads us to this conclusion. 



3. Next-to-leading order calculation and cross-section predictions 

Because we are dealing with colour singlet exchange in the high energy limit, the imaginary 
part of the amplitude dominates. We may therefore calculate the next-to-leading order corrections 
by application of the Cutkosky rules. Furthermore, since we are only interested in probing the 
Sudakov factor of the Durham resullt, we may limit ourselves to the quark-quark scattering channel 



and the cut diagram shown in figure |l(b)| (and the diagram in which the Higgs attaches to the left 
of the cut^). 

After performing the loop integrals and subtracting the infrared divergent terms associated 
with the perturbative expansion of the parton distribution functions, we find for the next-to-leading 
order contribution to the amplitude [12] 

>1 



Anlo ~ / ^Ao{mH)HT{Q^,mH)) , (3.1) 
J (J I 



where we have neglected terms not enhanced by at least one large logarithm and those suppressed 
by a power of Qj^ . The constant Aq is related to the lowest order amplitude as Alo ~ / dQ^Ao [mn ) / Q1 , 



'For a LHC running at 14 TeV. 

full list of the diagrams calculated and the argument for neglecting other cuts may be found in [12]. 
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Figure 2: Ratio of the cross-section for central exclusive Higgs production at the LHC evaluated with the 
scale in the Sudakov factor set Xo fX = mn divided by the cross-section with the scale set to /i = Q.&lmn, 
plotted as a function of the Higgs mass. The solid blue and dashed red lines were generated using 
MRST2002nlo [16] and CTEQ6m [17] parton disttibutions respectively. 



where again terms suppressed by Q^^ are neglected. Comparing equation ( ^H] ) with the Durham 
result (equations {12)-(2S)), we see that the general form is correct, but one must replace pL = 
0.62 with ;U = Vf. 

We may now assess the impact that our modification of the Sudakov factor has on predictions 
of the central exclusive cross-section. Taking, as an example, the cross-section for central exclusive 
Higgs production at the LHC, with 14 TeV centre-of-mass energy we compute the cross-section, 
using the ExHuME Monte Carlo generator [15], placing no cuts on the final-state particles. The 
results are shown in figure^ for two different parton distribution functions [16, 17]. We observe a 
suppression of the cross-section, relative to the predictions of the Durham group, by a factor ~ 2 
which increases with increasing Higgs mass. 



4. Conclusions 



We have studied the cross-section for central exclusive Higgs boson production, using QCD 
perturbation theory. We largely confirm the calculation previously performed by the Durham group, 
except that we disagree as to the precise form of the Sudakov factor which enters. Using the 
Sudakov factor that we propose leads to a suppression of the central exclusive production cross- 
section at the LHC by approximately a factor of two relative to the earUer predictions, for Higgs 
boson masses in the range 100-500 GeV. 

As a point of further study, it would be interesting to assess the impact on predictions for other 
processes and in particular on the central exclusive production of dijets at the Tevatron, for which 
data exist. We do not expect to find any disagreement with the data. In fact, the reduced suppression 
at lower masses suggests that agreement with the data may even be slightly improved. However, 
one must always remember that the theoretical uncertainty on other parts of the calculation, for 
example the gap survival factor and unintegrated pdfs, is expected to be comparable in size to the 
effect induced by the change in the Sudakov factor that we have been focussing on. 
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We note that the fixed-order corrections we have computed form a subset of the full next-to- 
leading order corrections to central exclusive Higgs production, offering the possibility of extend- 
ing the theoretical description of the process to this order. 
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